confidence interval, CI, 1.5-4.5, and RR for poorly differentiated vs. well-differentiated: 5.0, 95% CI 2.4-10.1). Conclusion: Tumor differentiation may be a better predictor of survival in resectable PaC than tumor stage.
Introduction
Pancreatic ductal adenocarcinoma (PaC) with a diameter of ^ 2 cm (small PaC) is considered an early cancer based on the TNM [1] and Japan Pancreas Society classifications [2] , both of which define a T1 tumor as ^ 2 cm in size. Tumor size is an important prognostic factor as small PaCs have been reported to have better prognosis and survival after surgery than large PaCs [3] [4] [5] [6] [7] [8] [9] , but resected PaCs are usually not small. Of 1,459 resected PaCs collected in 8 series [3] [4] [5] [6] [7] [8] [9] [10] , only 347 (24%) were small. Most survival data on small PaC are derived from either large surgical series analyzing all resected PaCs [3] [4] [5] [6] [7] [8] [9] [10] [11] or collected reviews limited to small PaCs [12] [13] [14] [15] [16] [17] . Most of the large surgical series did not specifically explore the characteristics of the small PaC group in detail. Case series of small PaC, although including more patients, are limited by heterogeneity of data collected from different Pongprasobchai et al. Pancreatology 2008; 8:587-592 588 hospitals using questionnaires and the lack of a comparison group (i.e. large PaC).
In order to gain further insights into the prognosis of small PaC, we compared 41 consecutive patients with small PaCs ( ^ 2cm) resected at the Mayo Clinic between 1985-2001 with a group of 94 patients with large ( 1 2 cm) PaCs who underwent surgery at our institution during the same time period and who were matched for age, gender, tumor location, type of surgery and, if possible, the surgeon. We confined the analysis to subjects who underwent curative resection, i.e. had negative margins. In addition to tumor size and stage, we compared histologic and prognostic markers such as tumor differentiation, angiolymphatic invasion, and perineural invasion.
Material and Methods

Patient Selection
This study was approved by the Mayo Foundation Institutional Review Board. From the Mayo Clinic Surgical Pathology Database, we selected all patients who underwent curative resection for PaC from January 1985 to July 2001. Tumors with the largest diameters reported as ^ 2 cm in the gross pathological report were defined as small PaC. All histopathologic sections were independently re-reviewed by two experienced pathologists (T.C.S. and A.O.) to confirm PaC diagnosis, assign tumor stage, evaluate tumor differentiation, and exclude other diagnoses. We excluded patients for whom histopathologic materials were not available for review, patients with positive resection margins, either gross or microscopic, those dying within 1 month of surgery, and patients with simultaneous resection or diagnosis of a second cancer. Both pathologists were blinded to the survival data on these patients.
For every case of small PaC, we selected, blinded to the patients' data on survival and tumor stage, 2 patients with marginnegative pancreatic ductal adenocarcinoma with a tumor size of 1 2 cm. Large and small PaCs were matched for age ( 8 5 years), gender, tumor location, type of surgery (pancreaticoduodenectomy vs. distal pancreatectomy), date of surgery ( 8 2 years), and, if possible, pancreatic surgeon. Exclusion criteria similar to those used for small PaC were applied to large PaC. All histopathologic sections of selected large PaC patients were re-reviewed for confirmation of diagnosis, staging, and differentiation by both pathologists independently (T.C.S. and A.O.).
Clinical and Survival Data
Medical records were reviewed to obtain demographic data, presenting symptoms, and date of last contact or death. Follow-up information was obtained from questionnaires sent annually by the Mayo Tumor Registry. If necessary, notice of death was also obtained from Social Security Death Index. Postoperative survival was determined from the date of surgery to the date of last contact or death. Patients who died within 30 days of surgery were excluded. PaC was staged according to the TNM Classification [1] .
Histopathologic Data
Tumor differentiation was classified according to the WHO classification as well differentiated, moderately differentiated, and poorly differentiated [18] . The presence of angiolymphatic and perineural invasion was noted.
Statistical Analysis
Continuous variables are presented as mean 8 standard deviation and were compared using Student's t test. Categorical variables were compared using the 2 test or Fisher's exact test (if small number). Survival analyses were performed by KaplanMeier analysis and compared by log-rank test. Survival data are presented as 5-year survival and median survival. Multivariate analyses were performed using Cox proportional hazards model and presented as hazard ratios and 95% confidence intervals. Statistical significance was considered when p ! 0.05. Statistical analyses were performed using SAS v8.0 (SAS Institute, Inc., Cary, N.C., USA).
Results
Between 1985 and 2001, we identified 85 patients with resected small PaC and negative margins. Eleven patients with small PaC were excluded due to the lack of availability of histopathologic sections for review. After review of the 74 cases, an additional 33 patients were excluded due to revision of diagnosis (ampullary carcinoma (n = 14), intraductal papillary mucinous neoplasm (n = 8), presence of multiple primary cancers (n = 2), positive resection margins (n = 7), and postoperative death (n = 2). Thus, 41 patients with margin-negative small PaC ( ^ 2 cm) were included in the final analysis. We selected 94 patients with large PaC ( 1 2 cm) who were matched to the small PaC patients. There was an excellent correlation for tumor staging and differentiation among the two pathologists, who independently reviewed both small and large PaC.
The small and large PaC groups were similar in terms of mean age, gender, location of tumor, presenting symptoms, and duration of symptoms ( table 1 ) . Data on adjuvant chemoradiation were available in 37 and 85 patients with small and large PaC, respectively. Ninety-four percent of small PaC and 89% of large PaC received adjuvant chemoradiation (p = NS). Compared to large PaCs, small PaCs were more likely to be stage I (32 vs. 12%, p = 0.005) and less likely to be stage IVa (2 vs. 14%, p = 0.05; table 1 ). However, the two groups were similar in the proportion of patients with stage II and stage III disease and positive lymph nodes. When compared to large PaCs, small PaCs were more likely to be well differentiated (44 vs. 15%, p = 0.001) and less likely to be poorly differentiated (0 vs. 27%), p ! 0.0001. Large PaC was more likely to have peri-neural invasion (65 vs. 46%, p = 0.04), whereas angiolymphatic invasion was similar in the two groups (46 vs. 65%, p = NS).
Small PaC had better overall 5-year actual survival compared to large PaC (41 vs. 14%, median survival 38 vs. 17 months, p = 0.004; table 2 ). In patients with localized disease (stage I and II), survival was not different between small and large PaC. In contrast, survival of small PaC patients with regional node metastasis (stage III) was significantly better than that of patients with large PaC (5-year survival 44 vs. 6%, median survival 60 vs. 16 months, p = 0.002; table 2 ).
Among patients with small PaC, survival was not different among patients with tumor stages I, II, and III, and between lymph node-negative and lymph node-positive patients. In contrast, survival of large PaC was significantly reduced when lymph nodes were positive (5-year survival 25 vs. 5%, median survival 20 vs. 16 months, p = 0.02).
On univariate analysis, the only histopathologic factor affecting survival of small PaC was tumor differentiation, whereas in large PaC, tumor differentiation, presence of angiolymphatic invasion and perineural invasion all affected survival ( table 3 ) . Multivariate analysis indicated that tumor differentiation was the only independent factor that determined survival of PaC ( table 4 ) . Tumor size (small vs. large), lymph node status, angiolymphatic and perineural invasion and adjuvant chemoradiation were not independent factors affecting survival. For the same degree of tumor differentiation, survival of small and large PaC was not different ( fig. 1 ).
Discussion
In this study, we confirm the previously noted findings that small PaCs have a better prognosis than large PaCs and are more likely to be confined to the pancreas (stage I) than larger tumors. However, only a third of small PaCs are confined to the pancreas and the better prognosis of small PaCs despite lymph node metastases appears to be related to better differentiation.
Tumor size is an important prognostic factor for PaC. Large surgical series, which included both small and large PaC, reveal that 5-year survival of small PaC (20-32%) and median survival (23-30 months) were better compared to 5-year survival (1-20%) and median survival (10-15 months) of large PaC [3] [4] [5] [6] [7] [8] [9] . The most recent collective review of small PaC by Tsunoda et al. [16] , including 302 patients from fifteen reports and seven previous collective studies, noted that the average 5-year survival for small PaC is in the range of 30-40%. These results suggest better survival for small PaC compared to the historically reported survival rates for PaC.
The better prognosis of small PaC may be attributed to detection at an earlier stage. Indeed, in our study, when compared to large PaCs, small PaCs were more likely to be confined to the pancreas, i.e. stage I (32 vs. 12%) and less likely to have distant metastases, i.e. stage IVa. These results are also similar to those of Tsunoda et al. [16] , who reported that 40% of small PaCs were stage I and 60% had no lymph node involvement. However, the better differentiation and improved survival of small PaCs compared to large PaCs of similar stage or lymph node status may indicate that small PaCs represent a more indolent subset of PaC rather than being a precursor to large PaC. Support for this argument comes from key observations of our study. Small PaCs were better differentiated than large tumors. While 44% of small PaCs were well differentiated and none were poorly differentiated, only 12% of large PaCs were well differentiated and 28% were poorly differentiated. These observations are similar to those of Manabe et al. [19] , who reported a series of 12 small PaCs, of which 9 were well differentiated, 2 were moderately differentiated, and only one was poorly differentiated.
The other pointer towards small PaCs being more indolent is the observation that small PaC patients, even with metastatic disease to lymph nodes (stage III), do remarkably well. In contrast, large PaC patients show a significant drop off in long-term survival once the cancer spreads to lymph nodes. In multivariate analyses, tumor differentiation was the only factor predicting survival in both small and large PaC, further lending support to the importance of biologic behavior of the tumor in determining survival in resectable PaC. Tumor stage, lymph node status, or other histopathologic findings did not affect survival of small PaC. These findings are similar to the results of the collective studies of small PaC by Tsuchiya et al. [12] , and Satake et al. [14] , who found no difference in 5-year survival between different stages of small PaC and between lymph node positive and negative small PaC. Interestingly, we found that even in large PaC, the only independent prognostic factor was tumor differentiation. Tumor size (small vs. large) itself was not the prognostic factor. In PaC, tumor differentiation has been found to be a prognostic factor in some studies [3, 7, 20] but not in others [5, 10, 11] . The subjective nature of the assessment of tumor differentiation may partly explain why it is not consistently the predominant prognostic indicator. A recent study showed that tumor grading in the hands of expert pathologists using refined WHO criteria is an important independent prognostic factor [21] . Criteria that relate to cellular and structural differentiation seemed to be more predictive than those related to proliferation. In our study, we had an excellent correlation of tumor staging and differentiation when slides were reviewed independently by experienced gastrointestinal pathologists, suggesting that, in expert hands, evaluation of tumor stage and differentiation are reliable. However, one of the limitations of our study is that we were not able to study the immunohistochemical characteristics of these tumors to further probe their biologic behavior. In addition, our study is also limited by a relatively small sample size, and therefore the finding that small PaCs are in general, better differentiated than large PaCs needs to be confirmed in a larger cohort of patients.
In conclusion, our study confirmed that small PaC has a better prognosis than large PaC. The better differentiation and excellent survival of small PaC, even when metastatic, suggests that small PaCs may be more indolent. Future studies should be directed towards identifying factors that contribute to differences in biologic behavior among small and large PaC. 
